Conservation and diversity in the primary forward photodynamics of red/green cyanobacteriochromes.
Phytochromes are red/far-red photosensory proteins that detect the ratio of red to far-red light. Crucial to light regulation of plant developmental biology, phytochromes are also found in fungi, bacteria, and eukaryotic algae. In addition to phytochromes, cyanobacteria also can contain distantly related cyanobacteriochromes (CBCRs) that, like phytochromes, utilize the photoisomerization of a linear tetrapyrrole (bilin) chromophore to convert between two photostates with distinct spectral properties. CBCRs exhibit a wide range of photostates spanning the visible and even near-ultraviolet spectrum. In both phytochromes and CBCRs, biosynthesis initially yields a holoprotein with bilin in the 15Z configuration, and the 15E photoproduct can often revert to the 15Z photostate in the absence of light (dark reversion). One CBCR subfamily, red/green CBCRs, typically exhibits red-absorbing dark states and green-absorbing photoproducts. Dark reversion is extremely variable in red/green CBCRs with known examples ranging from seconds to days. One red/green CBCR, NpR6012g4 from Nostoc punctiforme, is also known to exhibit forward photoconversion that has an unusually high quantum yield at ∼40% compared to 10-20% for phytochromes and CBCRs from other subfamilies. In the current study, we use time-resolved pump-probe absorption spectroscopy with broadband detection and multicomponent global analysis to characterize forward photoconversion of seven additional red/green CBCRs from N. punctiforme on an ultrafast time scale. Our results reveal that red/green CBCRs exhibit a conserved pathway for primary forward photoconversion but that considerable diversity exists in their excited-state lifetimes, photochemical quantum yields, and primary photoproduct stabilities.